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Estrogen concentrations were determined for the samples (Figure 5).  
Concentrations were averaged for the 2 collection days. The standard 
deviation and coefficient of variation were calculated for each sample 
(Table 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Average E2 Concentrations for sludge samples; physical, 
mechanical and microbiological treatment processes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2: Average and coefficient of variation values for sludge samples 
 
 
 
• Physical and mechanical processes have a low impact on estrogen 
concentration 
• Digestion appears to release estrogen that is adsorbed to sludge 
 
 
 
• Mass balance assessment for anaerobic digestion  
• Repeat process for synthetic estrogen 
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Sample 
Code 
Average E2 
Concentration 
in ng/g             
(n samples) 
Coefficient of 
Variation (% 
CV) 
Sample 
Code 
Average E2 
Concentration 
in ng/g            
(n samples) 
Coefficient 
of Variation 
(% CV) 
PC 1 40.0 3.57% AD 67.3 8.10% 
PC 2 43.9 28.9% CT 2 66.2 27.9% 
GT 1 56.9 30.8% 
GT 2 38.7 2.73% PC 3 39.5 11.4% 
TF/SC 2 52.5 N/A AB/SC 4 27.9 13.9% 
NB/SC 3 31.5 53.3% DAFT 23.6 6.71% 
BNR/SC 1 63.8 76.8% Combined 25.0 27.1% 
CT 1 32.2 44.5% CT 3 41.2 15.4% 
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Key Terms 
PPCP = Pharmaceutical and Personal Care Product 
 Examples: lotion, sunscreen, aspirin, birth control medication 
WWTP = Wastewater Treatment Plant 
 Facility where wastewater is sent via the sewer system and treated 
EDCs = Endocrine-disrupting compounds 
 Chemicals that interfere with the body’s system that regulates hormones, 
 growth, and development 
Estrogens 
 Hormones associated with reproduction and development 
 
 
 
 
 
 
 
 
Figure 1: The 3 main natural forms of estrogen 
 
 
 
 
Endocrine-disrupting compounds (EDCs), such as estrogen, are known to be 
present in the aquatic environment at concentrations that affect fish and 
other wildlife. For example, juvenile male fish exposed to estrogen will 
synthesize vitellogenin, which is a female-specific protein. Estrogen 
exposure is also liked to sex reversal, intersexuality, and inhibition of 
gonadal growth (Jobling et al., 1996). 
 
Wastewater treatment plants are major contributors of EDCs into the 
environment. EDCs end up in wastewater as a result of natural excretion 
from the body or being washed off the skin. WWTPs are not designed to 
remove these substances. As a result, EDCs are released via effluent 
discharge to rivers and lakes, as well as through solid waste placed in 
landfills or applied to fields (biosolids) as fertilizer.  
 
In both the effluent and sludge, the final concentration of a compound 
depends on the treatment processes, chemical properties of the 
compound, and environmental conditions. This study focuses on estrogen 
concentration in wastewater sludge as a result of sludge handling 
processes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Treatment processes found in a conventional WWTP; sludge 
handling processes in red 
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Physical, mechanical, and microbiological treatment processes were 
compared for 2 WWTPs with the same source water. Sludge samples 
were collected before and after treatment steps. Estrogen 
concentrations were compared for the different treatment processes. 
 
The significance of this work is the identification of sludge treatment 
methods that reduce estrogen concentration. This will provide 
guidance on lowering the environmental impact related to the 
application of biosolids to fields. 
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Sludge samples were collected on 2 occasions at each WWTP (Figure 
3). Samples were preserved in a freezer (-10 °C) and then dried in an 
oven (80–100 °C). The dried sludge was coarsely ground and extracted 
via accelerated solvent extraction (Dionex ASE-200) as summarized in 
Figure 4. The solvent was 4% ammonium hydroxide (v/v) in methanol. 
The 40 mL extract was rinsed with hexane and concentrated by drying 
under a nitrogen stream (Zymark Turbovap II). The concentrated 2 mL 
extract was centrifuged  and the supernatant was transferred to a vial. 
The solids were rinsed with methanol and then discarded. After 
evaporating to dryness at room temperature, the dried extract was 
reconstituted in 10% (v/v) methanol in water, as required for the 
estrogen Enzyme-linked immunosorbent assay (ELISA) kit. The ELISA 
kit (Ecologiena, Japan EnviroChemicals, Ltd.) measures combined 
natural estrogens (E1, E2, E3) expressed as E2 in the range of 0.05–3 
μg/L. For each analysis, a duplicate set of 5 standards was used to 
create a curve that was fit with a three parameter exponential 
equation. Estrogen concentrations were determined by interpolation 
using this curve. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Schematic of WWTPs and sample locations (    ) 
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Figure 4: Extraction procedure for sludge samples 
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Accuracy, precision and recovery testing for the ELISA method was 
completed prior to sample analysis (Table 1). There was no 
measurable estrogen in the blank samples. There was some estrogen 
loss during solvent evaporation and transfers, as indicated by the 
<100% values in the recovery column (Table 1). Sample results are not 
corrected for this loss. ELISA precision was checked for both the 
standards and replicate samples.  
 
Further recovery tests were performed by spiking a known amount of 
estrogen standard to the dried sludge prior to extraction.  Results 
varied for different sludge types. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1: Accuracy, precision and recovery testing for ELISA analysis and  
extraction method 
Test 
Expected 
Concentration in 
μg/L 
E2 Concentration 
in μg/L 
Average 
Recovery in 
μg/L  
Coefficient 
of Variation 
(% CV) 
ELISA 1 100 90.0 
91.3 2.6% ELISA 2 100 94.0 
ELISA 3 100 89.8 
Precision Test Range for Coefficient of Variation (% CV) 
Standards (n=4) 0.15 – 3.0% 
Replicates (n=3) 0.2 – 3.0% 
Sludge Type Recovery Range 
BNR 52 – 77%  
PC 3 102 – 124%  
AB 60 – 62%  
CT 2 74 – 76%  
                              a                                                                b 
 
Photos: a) Nitrification Basin at Plant A, b) Aeration basin at Plant B 
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